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ABSTRACT 
I n  September  1975 ,  t h e  Navy 's  
PTTI Program e x p e r i e n c e d  a  r e s t r u c -  
t u r i n g  o f  i t s  i n t e r n a l  management. 
S i n c e  t h a t  t i m e ,  t h e  Program h a s  
undergone s i g n i f i c a n t  r e d i r e c t i o n .  
T h i s  p a p e r  b r i e f l y  o u t l i n e s  i n  
b r o a d  t e r m s :  
( a )  The h i s t o r y  o f  t h e  Navy 's  
PTTI Program 
(b)  The Na;.yls c u r r e n t  and 
p r o j e c t e d  PTTI r e q u i r e -  
ments  and c a p a b i l i t i e s  
( c )  The c u r r e n t  and p r o j e c t e d  
Program e f f o r t s  
The Un i t ed  S t a t e s  Navy's  P r e c i s e  Time and Time 
I n t e r v a l  (PTTI) Program i s  a  Navy-wide e f f o r t  t o  p r o v i d e  
Navy p l a t f o r m s  w i t h  PTTI i n f o r m a t i o n  t r a c e a b l e  t o  t h e  
U.S. Naval  O b s e r v a t o r y  (NAVOBSY). 
A t  t h e  N in th  Annual PTTI A p p l i c a t i o n s  and P l a n n i n g  
Meet ing ,  Rear  Admiral  Fowler b r i e f l y  o u t l i n e d  t h e  Navy's  
e a r l y  dependency on t ime  f o r  n a v i g a t i o n  and t h e  need  f o r  
improved t i m i n g  a s  s h i p s '  s p e e d s  i n c r e a s e d  w i t h  t h e  
c c n v e r s i o n  from s a i l  t o  s t e am p r o p u l s i o n .  He a l s o  o u t -  
l i n e d  t h e  NAVOBSYfs v e r y  e a r l y  invo lvement  w i t h  t i m e -  
keep ing  i n  s u p p o r t  o f  t h i s  t i m i n g  r e q u i r e m e n t  and t h e  
consequen t  e v o l u t i o n  o f  t h e  NAVOBSY a s  t h e  n a t i o n ' s  
t imekeepe r  and a  l e a d e r  i n  t o d a y ' s  i n t e r n a t i o n a l  PTTI 
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community. 
The Naval Research Labo ra to ry  (NRL) i s  a n o t h e r ,  more 
r e c e n t ,  example o f  t h e  Navy's  p a r t i c i p a t i o n  i n  t h e  f i e l d s  
o f  t i m i n g  and PTTI. N R L ' s  involvement  w i t h  c r y s t a l  o s c i l -  
l a t o r  and f r equency  s y n t h e s i z e r  t e c h n o l o g y ,  i t s 1  e x g e r i -  
ments i n  t r a n s f e r r i n g  t ime  v i a  t h e  Defense S a t e l l i t e  Commu- 
n i c a t i o n s  System (DSCS) and t h e  dsve1opmen.t o f  t h e  Hawaii 
T e s t  Bed, bo th  i n  c o n j u n c t i o n  w i t h  t h e  NAVOBSY and t h e  
Naval E l e c t r m i c  Systems Command (NAVELEX), and i t s 1  r e c e n t  
e f f o r t s  w i t h  a tomic  s t a n d a r d  developments  under  t h e  Globa l  
P o s i t i o n i n g  System (GPS) Program have r e s u l t e d  i n  numerous 
advances  i n  PTTI. 
I n  r e c o g n i t i o n  o f  t h i s  e a r l y  Navy l e a d e r s h i p  i n  t i m e -  
keep ing  and t i m i n g  deve lopments ,  t h e  NAVOBSY i n  1956 was 
d i r e c t e d  t o  p r o v i d e  t h e  S t a n d a r d s  o f  Time and Time I n t e r v a l  
f o r  t h e  U.S. Department o f  Defense  (DOD) . F u r t h e r ,  i n  1965 ,  
by DOD d i r e c t i v e ,  t h e  NAVOBSY became t h e  s i n g l e  DOD compo- 
n e n t  r e s p o n s i b l e  f o r  PTTI management c o n t r o l  f u n c t i o n s .  
Then,  i n  1972 ,  t h e  Chief  o f  Naval O p e r a t i o n s  (CNO) . 
t a s k e d  t h e  NAVOBSY w i t h  m a i n t a i n i n g  t h e  Time and Time 
I n t e r v a l  S t a n d a r d s  f o r  t h e  Navy and a s s i g n e d  t h e  Chie f  o f  
Naval M a t e r i a l  (CNM) a s  "The s i n g l e  Department o f  t h e  
Navy Manager r e s p o n s i b l e  f o r  PTTI." 
CNM t h e n  d e s i g n a t e d  t h e  Commander, Naval E l e c t r o n i c  
Sys tems Command (COMNAVELEXSYSCOM) a s  t h e  "Department o f  
t h e  Navy Manager f o r  PTTI." 
The c u r r e n t  Navy PTTI Program and i t s  a s s o c i a t e d  
program management o r g a n i z a t i o n ,  d e p i c t e d  i n  F i g u r e  1, 
a r e  t h e  d i r e c t  r e s u l t  o f  t h e s c  v a r i o u s  d i r e c t i v e s  and 
t a s k i n g s  . 
A f t e r  e s t a b l i s h i n g  an o f f i c i a l  program o r g a n i z a t i o n  
and r e s p o n s i b i l i t i e s ,  C N O ,  i n  September 1975 ,  i s s u e d  a  
d r a f t  Operat io .1al  Requirement (OR) f o r  Timing and Synchro-  
n i z a t i o n  (PTTI).  The d r a f t  OR d e s c r i b e d  t h e  o p e r a t i o n a l  
problem a s  f o l l o w s :  
There  i s  a  p r e s e n t  and f u t u r e  need  f o r  p r e c i s e  
t i m e  and t ime  i n t e r v a l  t r a c e a b l e  t o  t h e  U.S. Naval 
Obse rva to ry .  
. C u r r e n t l y ,  e ach  w a r f a r e  s p o n s o r  y r o v i d e s  h i s  own 
p r e c i s e  t ime  and t i m e  i n t e r v a l  u s i n g  ne thods  whioh range  




















































































































































. Thi s  p r o l i f e r a t i o n  i s  n e i t h e r  economical  n o r  t e c h n i -  
c a l l y  sound ic d e s i g n  and u s e .  
The d r a f t  OR 3 l s o  s t a t e d  t h a t  t h e  o r e r a t i o n a l  r e q u i r e -  
ment was f o r :  
. 'The worldwide d i s s e m i n a t i o n  o f  p r e c i s e  t ime  and 
t ime  i n t e r v a l  t r a c e a b l e  t o  t h e  NAVOBSY. 
. Cost e f f e c t i v e  d i s t r i b u t i o n  sys tems  f o r  t h e  v a r i o u s  
p l a t f o r m s  t o  s u p p o r t  t h e i r  d e s i g n a t e d  m i s s i o n s .  
Based on t h a t  d r a f t  O R ,  t h e  Navy's  PTTI Program 
ob j e c t  i v e s  a r e  : 
. To q u a n t i t a t i v e l y  de t e rmine  t h e  PTTI r e q u i r e m e n t s  
a f  t h e  v a r i o u s  Navy P l a t f o r m s  t h rough  t h e  1990 t ime- f r ame .  
. To review t h e  s t a t u s  and c a p a b i l i t i e s  o f  e x i s t i n g  
d i s s e m i n z t i  on sys tems  t o  de t e rmine  i f  t h e  p l a t f o r m  r e q u i r e  - 
ments can ke met.  
. To d e s i g n ,  a s  n e c e s s a r y ,  a  d i s s e m i n a t i o n  sys tem t o  
meet t h e  p l a t f o r m  r e q u i r c m e n t s .  
. To d e s i ~ n  p l a t f o r m  d i s t r i b u t j o n  sy s t ems  t o  s a t i s f y  
p l a t f o r m  r e q u i r e m e n t s  i n  a  c o s t - e f f e c t i v e  manner sub?  e c t  t o  
s u r v i v a b i l i t y  and o p e r a t i o n a l  c o n s t r a i n t s .  
A PTTI Program Mas te r  P l an  t o  meet t h e s e  o b j e c t i v e s ,  
was p u b l i s h e d  on 1 June  1976 and forwarded  t o  CNO f o r  
a p p r o v a l .  
I ~ L  t h e  Program Mas te r  P l a n ,  a  PTTI System c o n c e p t ,  a s  
shown I n  F i g u r e  2 ,  was o u t l i n e d .  Tha t  PTTI System concep t  
i s  ba sed  on a  d i s s e m i n a t i o n  s y s t e m ,  s e e  F igu re  3 ,  which 
u s e s ,  t o  t h e  maxiinum e x t e n t  ? o s s i b l e ,  e x i s t i n g  d i s s e m i  - 
n a t i o n  sys tems  and a  p l a t f o r m  d i s t r i b u t i o n  s y s t e m ,  s e e  
F igu re  4 ,  which a l s o  u s e s ,  t c  t h e  naximum e x t e n t  p o s s i b l e ,  
e x i s t i n g  equ ipments .  
Because of  an i n a b i l i t y  t o  o b t a i n  i n t e r n a l  a p p r o v a l  
o f  t h e  d r a f t  O R ,  C'. ' r e q u e s t e d  t h a t  NAVELEX pe r fo rm an 
a n a l y s i s  o f  t h e  N L  s PTTI r e q u i r e m e n t s  a s  o u t l i n e d  i n  
t h e  Program Mas te r  r l a n  and t h a t  t h e  p l a n  be  r e s u b m i t t e d  
upon comple t i on  of  t h e  r equ i r emen t s  a n a l y s i s .  
NAVELEX d i d  pe r fo rm t h e  PTTI Requirements  Ar ,a lys is .  
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d e l i v e r e d  t o  CNO f o r  v a l i d a t i o n  j n  Ncvember 1978. The 
A n a l y s i s  i n d i c a t e s  t h a t  t h e r e  w i l l  be  a  d r a m a t i c  i n c r e a s e  
i n  t h e  number o f  p l a t f o r m  communicat ion,  n a v i g a t i o n  and 
weapon sys tems  r e q u i r i n g  i n c r e a s i n g l y  s t r i n g e n t  PTTI 
i n f o r m a t i o n ;  e . g . ,  w h i l e  t o d a y  t h e  Navy's  p l a t f o r m  r e q u i r e -  
ments f o r  t ime  a r e  p r i m a r i l y  l i m i t e d  t o  t h e  submarine  
f l e e t  and a r e  i n  t h e  100 m i c r ~ s e c c n d  r e g i o n ,  t h e  t y p i c a l  
Naval P l a t f o r m ,  a f l o a t  and a s h o r e ,  r e q u i r e m e n t s  i n  t h e  
1980 t o  1990 t ime  f rame w i l l  be  i n  t h e  one t o  t e n  mic ro -  
second  range  w i t h  one f u t u r e  s y s t e n  i d e n t i f i e d  which may 
r e q u i r e  a  p l a t f o r m  t o  m a i n t a i n  t ime  t o  w i t h i n  - + t e n  nano-  
seconds  o r  l e s s .  
Some o f  t h e  major  c o n c l u s i o n s  i n  t h e  Requiremenzs 
A n a l y s i s  were t h a t :  
. P l a t f o r m  r e q u i r e m e n t s  f o r  PTTI a r e  c u r r e n t l y  b e i n g  
met.  
. Based on c u r r e n t  p l a n n i n g ,  s u r f a c e  p l a t f o r m s  
e s p e c i a l l y  w i l l  b e  u n a b l e  t o  meet f u t u r e  PTTI r e q u i r e -  
ments .  
. Those p l a t f o r m s  r e q u i r i n g  PTTI would b e n e f i t  from 
a  "S tandard ized"  P l a t f o r m  D i s t r i b u t i o n  System (PDS) . 
. With p r o p e r  p l a n n i n g ,  a l l  c u r r e n t  and f u t u r e  
p l a t f o r m  r e q u i r e m e n t s  f o r  PTTI can be s a t i s f i e d  by a t  l e a s t  
one c u r r e n t  o r  f u t u r e  PTTI d i s s e m i n a t i o n  sys tem.  
. There  i s  no  i d e n t i f i e d  need f o r  t h e  development  o f  
a d d i t i o n a l  PTTI d i s s e n l i i l ~ t i o n  sy s t ems .  
Some c.f t h e  ma jo r  recommendations i n  t h e  Requirements  
Ana lys i s  were t o :  
. Develop a  PTTI PDS u t i l i z i n g  a  modular  concep t  and 
s t a n d a r d i z e d  equ ipments .  
. Cons ide r  t h e  PTTI Requirements  A n a l y s i s  recom- 
mendat ions  r e g a r d i n g  t h e  PTTI D i s semina t i on  System i n  any 
PTTI PDS development e f f o r t .  
Based on t h e  r equ i r emen t s  a n a l y s i s ,  CNO i s  d e v e l o p i n g  
a new PTTI O R .  A l s o ,  t h e  PTTI Program Mas te r  P l a n  i s  
c u r r e n t l y  b e i n g  upda t ed  and w i l l  be r e s u b m i t t e d  t o  CNO 
f o r  s p ? r c v a l  i n  Feb rua ry  1979. 
Some of  t h e  ma jo r  on -go ing  e f f o r t s  t o  be  cove red  i n  
t h e  upda t ed  Program Mas te r  P l a n  i n c l u d e  t h e :  
. PTTI Maintenance and C a l i b r a t i o n  Program. 
. SSN-637, SSN-688 and POLARIS/POSEIDON C l a s s  PTTI 
PDS Developments.  
. NAVOBSY Mas te r  Clock System Upgrade. 
. AN/URQ-23 Frequency S t a n d a r d .  
. GPS T ine  T r a n s f e r  U n i t .  
. PTTI Technology kl?qram.  
The PTTI Maintenance and C a l i h r z : ? o n  Program a t  t h e  
Naval E l e c t r o n i c  Systems E n g i n e e r i n g  C e n t e r  (NESEC) , 
Por t smouth  i s  a  c o n t i n u i n g  program. R e s p o n s i b i l i t i e s  under  
t h i s  program i n c l u d e  p o r t a b l e  c l o c k  t r i p s  t o  v a r i o u s  Navy 
and DSCS e a r t h  t e r m i n a l  s i t e s  and t h e  r e p a i r  and m a i n t e -  
nance o f  a l l  Navy rub id ium and ces ium beam f r e q u e n c y  
s t a n d a r d s .  Beginn ing  i n  FY-79, t h i s  prqgram w i l l  a l s o  have 
f u l l  r e s p o n s i b i l i t y ,  i n c l u d i n g  b u d g e t i n g ,  f o r  t h e  VERDIN 
0-1695 Cesium Beam Frequency S t a n d a r d  Depot.  
NAVELEX, i n  May 1977,  deve loped  a  sy s t em l e v e l  s p e c -  
i f i c a t i o n  f o r  a  PI'TI PDS f o r  t h e  SSN-637, SSG-688 and 
POLARIS/POSEIDON C l a s s  Submarines .  T h i s  e f f o r t  o r i g i n a t e d  
w i t h  an u r g e n t  need  f o r  PTTI on t h e  SSN-637 C l a s s  Sub- 
marine5 The s p e c i f i c a t i o n  c a l l s  f o r  an a u t o m a t i c ,  no 
b r e a k  sys tem and f o r  t h e  u s e  o f  common equipment  i n  a l l  
of  t h e  c l a s s e s  w i t h  r e c o n f i g u r a t i o n  t o  meet t h e  needs  o f  
each  p a r t i c u l a r  c l a s s .  
NAVELEX i s  c u r r e n t l y  d e v e l o p i n g  p l a t f o r m  d i s t r i b u t i o n  
sys tems  f o r  t h e  SSN-637, SSN-688 and POSEIDON C l a s s  Sub- 
mar ine s .  The SSN-637 C l a s s  PTTI PDS d e p i c t e d  i n  F i g u r e  5 
i s  an a u t o m a t i c ,  no -b reak  sys tem.  The PTTI PDS f o r  t h e  
SSN-ti88 and POSEIDON c l a s s e s ,  which i s  d e p i c t e d  i n  Figi i re  6  
w i l l  e s s e n t i a l l y  be  i n  a c - o r d a n c e  w i t h  t h e  o r i g i n a l  
blay 1977 s p e c i f i c a t i o n ,  e x c e p t  t h a t  t h e  need  f o r  an a u t o -  
m a t i c ,  no b r e a k  sys tem has  been e l i m i n a t e d  by t h e  program 
sponso r .  
NAVkLEX ha s  a l s o  been t a s k e d  by CNO w i t h  upg rad ing  
t h e  NAVOBSY Mas te r  C l ~ c k  System,  s e e  F i g u r e  7 .  As s t a t e d  
p r e v i o u s l y ,  t h e  PTTI Requirements  A n a l y s i s  ha s  i n d i c a t e d  
t h a t  c u r r e n t  Navy r e q u i r e ~ l l e n t s  a r e  i n  t h e  100 microsecond  








































































































































































































































































































































































































































































































































































t e n  microsecond range  w i t h  one r e q i l i r e m e ~ t  p o s s i b l y  i n  t h e  
+ t e n  nanosecond r e g i o n .  
- 
A s i m i l a r  i n c r e a s e  i n  PTTI r e q u i r e m e n t s  f o r  o t h e r  
DOD components i s  a l s o  p r o j e c t e d ,  e . g .  w h i l e  t h e  NAVOBSY, 
under  i t s  a s s i g n e d  r e s p o n s i b i l i t i e s  a s  t h e  s i n g l e  DOD 
component r e s p o n s i b l e  f o r  PTTI management c o n t r o l  f u n c t i o n s ,  
c u r r e n t l y  m a i n t a i n s  t h e  Mas te r  Clock System which a l s o  
s e r v e s  a s  t h e  DOD Mas te r  Clock and p r o v i d e s  t h e  N a t i o n a l  
S e c u r i t y  Agency, t h e  A i r  Force  C a l i b r a t i o n  L a b o r a t o r i e s  
and t h e  DSCS w i t h  t ime  o f  day i n  t h e  0 . 1  t o  1 0 . 0  mic ro -  
second  r a n g e ,  i t  has  p r o j e c t e d  r e q u i r e m e n t s  t o  p r o v i d e  
t ime  o f  day i n  s u p p o r t  o f  t h e  GPS and t h e  T r a n s i t  Improve- 
ment Programs t o  w i t h i n  10  nanoseconds o r  l e s s  and t o  
p r o v i d e  t h e  Very Long B a s e l i n e  I n t e r f e r o m e t r y  Program w i t h  
a  f r equency  s t a b i l i t y  o f  one p a r t  i n  1014 o r  l e s s .  
While t h e  p r e s e n t  sys tem p r o v i d e s  t i m e  a c c u r a t e  t o  
w i t h i n  1 nanosecond p e r  day and e x h i b i t s  a n l ~ x c e e d i n g l y  
good l o n g - t e r m  s t a b i l i t ) .  o f  two p a r t s  i n  10 , i t  w i l l  
n o t  meet t h e  p r o j e c t e d  Navy and DOD u s e r  sy s t em r e q u i r e -  
ments .  I n  o r d e r  t o  s u p p o r t  t h o s e  r e q u i r e m e n t s ,  t h e  f u t u r e  
Mas te r  Clock System w i l l  be  r e q u i r e d  t o  m a i n t a i n  t ime  
a c c u r a t e  t o  w i t h i n  1 nanosecond p e r  t e n  days  and a  
f r equency  s t a b i l i t y  o f  1 p a r t  i n  o r  l e s s .  
Thic w i l l  be accompl i shcd  by t h e  i n t r o d u c t i o n  and 
i n t e g r a t i o n  o f  t h e  l a t e s t ,  s t a t e - o f - t h e - a r t  t e chno logy  and 
improved r e f e r e n c e  s t a n d a r d s  i n t o  t h e  c u r r e n t  Mas te r  Clock 
System t o  m a i n t a i n  and d i s p l a y  n e a r  r e a l  t ime  i n  t h e  s u b -  
nanosecond accu racy  r e g i o n .  
T h i s  upgrade  w i l l  e n a b l e  Navy and o t h e r  DOD components 
t o  meet t h e i r  p r o j e c t e d  PTTI r e q u i r e m e n t s  and i t  w i l l  
m a i n t a i n  t h e  NAVOBSY1s preeminent  r o l e  i n  t h e  n a t i o n a l  and 
i n t e r n a t i o n a l  PTTI community. 
While t h e s e  b a s i c  documen ta t i on ,  program p l a n n i n g  and 
e a r l y  development e f f o r t s  a r c  t a k i n g  p l a c e ,  t h e r e  a r e  
s t i l l ,  however,  r e a l  on-go ing  o p e r a t i o n a l  needs  o f  t h e  
f l e e t  which must be met.  For example ,  t h e  AN/URQ-10 and 
10A a r e  t h e  r e f e r e n c e  f r equency  s t a n d a r d s  o f  t h e  f l e e t  
t oday .  They a r e  app rox ima te ly  t e n  y e a r s  o l d .  Although 
t h e y  s t i l l  meet t h e  m a j o r i t y  o f  t h e  Navy's  c u r r e n t  PTTI 
r e q u i r e m e n t s ,  s p a r e  p a r t s  a r e  becoming i n c r e a s i n g l y  expen-  
s i v e  and u n a v a i l a b l e  and h a n d l i n g  p r o c e d u r e s  f o r  m a i n t e -  
nance a r e  o u t  o f  d a t e .  
The AN/URQ-23, d i s c i p l i n e d  t ime  and f r equency  s t a n d a r d ,  
which w i l l  be a  d i r e c t  rep lacement  f o r  t h e  AN/URQ-10 and 
10A was g r a n t e d  P r o v i s i o n a l  Approval f o r  S e r v i c e  Use i n  
September  1977. I t  o f f e r s  an improved f r equency  s t a b i l i t y  
and t i m i n g  i n f o r m a t i o n  which t h e  AN/URQ-10's do n o t .  More 
s i g n i f i c a n t l y ,  however ,  i s  t h e  f a c t  t h a t  t h e  AN/URQ-23 
can be c a l i b r a t e d  i n  f o u r  h o u r s  v i c e  t h e  a?prox imate ly  30 
t o  60 days  r e q u i r e d  f o r  t h e  AN/URQ-10's. T h i s  c a l i b r a t i o n  
f e a t u r e  a l o n e  s h o u l d  y i e l d  s i g n i f i c a n t  s a v i n g s  f o r  t h e  
f l e e t .  
The AN/URQ-23 i s  c u r r e n t l y  undergo ing  F i r s t  A r t i c l e  
T e s t i n g  a t  N R L  and f u l l  Approval f o r  S e r v i c e  Use i s  e x p e c t e d  
i n  June  1979.  
A l s o ,  a t  t h e  d i r e c t i o n  o f  C N O ,  NAVELEX i s  p r o c u r i n g  
a  GPS Time T r a n s f e r  Un i t  (TTU) F e a s i b i l i t y  Model, s e e  
F i g u r e  8 ,  f o r  t h e  NAVOBSY v i a  t h e  Space and M i s s i l e  Systems 
O r g a n i z a t i o n  (SAMSO) . 
The GPS h a s  an i n h e r e n t  a b i l i t y  t o  d i s s e m i n a t e  PTTI 
i n f o r m a t i o n .  The Time T r a n s f e r  U n i t ,  on which a  p a p e r  was 
g iven  a t  t h e  N in th  Annual PTTI A p p l i c a t i o n s  and P l a n n i n g  
Meet ing ( I ) ,  s h o u l d  p r o v i d e  f i x e d  p l a t f o r m s  w i t h  a  low c o s t  
means o f  e x t r a c t i n g  t h a t  i n f o r m a t i o n  and u p d a t i n g  t h e i r  
l o c a l  c l o c k s  t o  w i t h i n  100 NS o f  GPS t ime  which i n  t u r n  i s  
r e f e r e n c e d  t o  t h e  NAVOBSY. 
F i n a l l y ,  NAVELEX was r e c e n t l y  n o t i f i e d  t h a t  t h e  Naval 
M a t e r i a l  Command (NAVMAT) i s  p a r t i a l l y  fund ing  t h e  PTTI 
t e chno logy  e f f o r t  o u t l i n e d  i n  F i g u r e  9 .  I n fo rma l  d i s c u s -  
s i o n s  w i t h  NAVMAT and t h e  NAVOBSY i n d i c a t e  t h a t  t h e  PTTI 
t e chno logy  e f f o r t  h a s  enough p o t e n t i a l  impact  o n ,  f o r  
example ,  f u t u r e  a tomic  c l o c k  developments  and PTTI d i s s e m i  - 
n a t i o n  v i a  s a t e l l i t e  c l o c k s  t o  w a r r a n t  i t s  c o n t i n u a t i o n .  
NAVELEX i s ,  t h e r e f o r e ,  c u r r e n t l y  deve lop ing  a  PTTI 
Technology Program, w i t h  p a r t i c u l a r  emphasis  on (1 )  
r e l a t i v i t y  e f f e c t s  on s a t e l l i t e  c l o c k s ,  ( 2 )  l a s e r  
r e f l e c t o m e t r y  f o r  i n c r e a s e d  t ime  d i s s e m i n a t i o n  accu racy  
v i a  GPS and (3)  s u p e r  c r y s t a l  t e c h n o l o g y ,  i n  s u p p o r t  o f  
b o t h  c u r r e n t  and p r o j e c t e d  Navy PTTI Program r e q u i r e m e n t s .  
Tha t  comple tes  t h e  rev iew o f  t h e  most s i g n i f i c a n t ,  
on -go ing  PTTI e f f o r t s .  Some o f  t h e  p r o j e c t e d  PTTI e f f o r t s  
t o  be  a d d r e s s e d  i n  t h e  upda t ed  PTTI Program Mas te r  P l a n  


































































































































































































. 0-1695 Cesium Beam S ~ a n d a r d  
. Rubidium S t a n d a r d  Development 
. " S t t n d a r d i z e d "  PTTI PDS Development 
. "Standard ized"  PTTI PDS P r e l i m i n a r y  Design and 
Cost  A n a l y s i s  
. PTTI v i a  DSCS 
Under t h e  VERDIN Program, NAVELEX s e v e r a l  y e a r s  ago 
deve loped  t h e  0-1695 Cesium Beam Frequency S t a n d a r d  and a 
complete  s u p p o r t  sys tem.  Wi th in  t h e  l a s t  y e a r ,  however ,  
agreement has  been r eached  t h a t  c cgn i zance  o f  t h e  0-1695 
and i t s  p r e v i o u s l y  ment ioned depo t  r e s p o n s i b i l i t i e s  
p r o p e r l y  be long  under  t h e  Navy's  PTTI Program. NAVELEX i s  
c u r r e n t l y  p l a n n i n g  f o r  t h a t  t r a n s i t i o n  i n  PY-79. 
The Naval A i r  Systems Corlmand (NAVAIR) i s  c u r r e n t l y  
p r e p a r i n g  t o  deve lop  a  rub id ium f r equency  s t a n d a r d  i n  
s u p p o r t  o f  t h e  TACAMO Program. NAVELEX unde r  a  p r e v i o u s  
program was fund ing  f o r  t h e  development o f  a  rub id ium 
s t a n d a r d .  NAVAIR has  been c o n t a c t e d  t o  s e e  i.f t h e  NAVELEX 
rubidium s t a n d a r d  e f f o r t  w i l l  meet t h e  TACAMO r e q u i r e m e n t s .  
I f  s o ,  i t  i s  f e l t  t h a t  s u b s t a n t i a l  s a v i n g s  i n  development 
c o s t s  can be acc rued  by t h e  Navy. 
The "S t anda rd i zed"  PTTI P l a t f o r m  D i s t r i b u t i o n  System 
Development, d e p i c t e d  i n  F igu re  1 0 ,  i s  a  FY-80 new s t a r t  
e f f o r t  t o  p r o v i d e  a l l  Navy p l a t f o r m s ,  s u r f a c e ,  s u b s u r f a c e ,  
a i r  and s h o r e ,  which r e q u i r e  PTTI i n f o r m a t i o n  w i t h  a  mod- 
u l a r  d i s t r i b u t i o n  sys tem comprised o f  "S t anda rd i zed"  e q u i p -  
ments which can be  r e c o n f i g u r e d  t o  meet t h e  needs  o f  a  
p a r t i c u l a r  p l a t f o r m .  
The "S t anda rd i zed"  PTTI Pl a t  form D i s t r i b u t i o n  System 
Development w i l l  t a k e  advantage  o f  any o u t p u t s  from t h e  
p r e v i o u s l y  ment ioned submarine  e f f o r t s  by i n c o r p o r a t i n g  
them, t o  t h e  maximum e x t e n t  p o s s i b l e ,  i n t o  t h e  "S tan-  
da rd i zed"  sys tem.  
The f i r s t  t a s k  unde r  t h e  "S tandard ized"  P3S e f f o r t  
i s  a  p r e l i m i n a r y  d e s i g n  and c o s t  a n a l y s i s  t o  p r o v i d e  
answers t o  some o f  t h e  q u e s t i o n s  r a i s e d  a s  a  r e s u l t  of  t h e  
PTTI Requirements  ~ n a l y s i s  ; e .  g .  










































































































































































































































































































can be ach i eved  b e t k t  -,, s u r f a c e ,  s u b s u r f a c e ,  s h o r e  and a i r  
p l a t  forms? 
b.  How much u t i l i z a t i o n  o f  e x i s t i n g  a s s e t s  i s  
p r a c t i c a l ?  
c .  How much s a v i n g s ,  i n  t h e  a r e a  o f  l o g i s t i c s  
s u p p o r t ,  cou ld  be acc rued  by t h e  Navy from t h e  s t a n d a r d -  
i z a t i o n  o f  PTTI camponent equ ipments?  
The f i n a l  p r o j e c t e d  e f f o r t  t o  be d i s c u s s e d  i s  t h e  PTTI 
v i a  DSCS e f f o r t ,  s e e  F igu re  11. 
The J o i n t  Ch ie f s  o f  S t a f f  (JCS) on 17 March 1976 
a u t h o r i z e d  t h e  d i s s e m i n a t i o n  o f  PTTI v i a  a l l  DSCS t e r m i n a l s  
equipped w i t h  s p e c i a l i z e d  modems c a p a b l e  o f  t r a n s f e r r i n g  
t ime .  The JCS f u r t h e r  r e q u e s t e d  t h a t  CNO deve lop  an 
implementa t ion  p l a n  f o r  t h e  d i s s e m i n a t i o n  program. 
The implementa t ion  p l a n  was deve loped  by t h e  Naval 
Telecommunications Command (NAVTELCOM) i n  c o n j u n z t i o n  w i t h  
t h e  NAVOBSY and NAVELEX i n  May 1977.  I t  d e s i g n a t e s  t h e  
CNM a s  t h e  e x e c u t i v e  agen t  f o r  procurement  ~ n d  l o g i s t i c s  
suppo r t  f o r  t h i s  t r i - s e r v i c e  e f f o r t .  CNO approved and 
forwarded t h i s  implementa t ion  p l a n  t o  JCS f o r  app rova l  i n  
September 1977. NAVELEX i s  c z r r e n t l y  p l a n n i n g  f o r  t h e  
assumpt ian  o f  t h e s e  r e s p o n s i b i l i t i e s  upon t h e  app rova l  o f  
t h e  I m p l e m e n t a t i m  P l an  by JCS. 
A3 t h e  p r e c e d i n g  d i s c o u r s e  i n d i c a t e s ,  t h e  Navy's  PTTI 
Program h a s ,  i n  t h r e e  y e a r s ,  been d e f i n e d  and g iven  
d i r e c t i o n .  A s  F igu re  1 2  i n d i c a t e s ,  howe~re r ,  t h e  Program's  
major  development and procurement  e f f o r t s  a r e  s t i l l  t o  
come. 
While t h e r e  a r e  problems a s s o c i a t e d  w i t h  some o f  t h e s e  
e f f o r t s ,  e .  g .  t h e  AN/URQ-10 main tenance  prob lems ,  s o l u t i o n s  
have g e n e r a l l y  been i d e n t i f i e d  and a r e  b e i n g  pu r sued .  
The e s t i m a t e d  impact of  t h e  o u t y e a r  hardr iare  p r o c u r e -  
ments r e s u l t i n g  from t h e  p l a t f o r m  d i s t r i b u t i o n  s y s t e n  
development e f f o r t s  and t h e  JCS app rova l  o f  t h e  DSCS 
Implementat ion P l a n  w i l l  be s i g n i f i c a n t .  NAVELEX, CNO 
OPS 952, t h e  PTTI s p o n s o r ,  and 9 8 6 ,  and COMNAVTELCOM a r e  
working t o g e t h e r  t o  absorb  t h a t  impac t .  
The o v e r a l l  p i c t u r e  f o r  PTTI ha s  a l r e a d y  improved 



































































































































































































































































































































advent  o f  t h e  PTTI Program Master  P l a n ,  t h e  PTTI Requ i r e -  
ments A-i-ialysis and t h e  z s s i s t a n c e  of  OPS 952 and 986 ,  
t h e  "Standard ized"  PTTI P l a t f o r m  D i s t r i b u t i o n  System 
Development h a s  moved f r o , ,  a new s t a r t  i n  FY-82 t o  FY-80. 
Again,  i n  sumiiary, t h e  Navy's PTTI Program h a s ,  i n  
t h r e e  y e a r s ,  been d e f i n e d  and g iven  d i r e c t i o n .  Program 
schedu le s  and funding  have improved and s o l u t i o n s  have 
been i d e n t i f i e d  f o r  problem a r e a s  such a s  t h e  AN/URQ-10. 
O v e r a l l  t h e  f u t u r e  o f  t h e  program looks  good. I t  i s  now 
be ing  r ecogn ized  by Navy Headqua r t e r s  al;d F i e l d  A c t i v i t i e s ,  
t h e  F l e e t  and o t h e r  DOD A c t i v i t i e s  a s  a t t e m p t i n g  t o  s o l v e  
t h e  PTTI problems o f  today  and t o  p l a n  f o r  t h e  PTTI needs 




1. Wi therspoon ,  J a c k s c n  T. and Schuchman, Leonard,  "A Time 
T r a n s f e r  Un i t  f o r  GPS," P r o c e e d i n g s  o f  t h e  N i n t h  Annual 
P r e c i s e  Time and Time I n t e r v a l  (PTTI) A p p l i c a t i o n s  and 
P l a n n i n g  Meet ing ,  March 1 9 ,  1978.  
OUESTIONS AND ANSWERS 
MR. HARRY PETERS, Sigma Tau Ccrporation: 
I don ' t  know how appropriate t h i s  i s ,  bu t  a couple o f  years ago 
there were ongoing e f f o r t s  by Hughes A i r c r a f t  Company, RCA, Naval 
Research Labs, Smithsonian Astrophysics Lab, t o  get  PTTI  using hy- 
drogen masers. Now we haven't heard much about t h a t  l a t e l y ,  nor do 
I see very much here about the fu tu re  o f  t h i s  e f f o r t .  I wonder if 
you could elaborate on tha t?  
MR. ALLEN: 
I bel ieve those e f f o r t s  are under the GPS program. And they are not  
d i r e c t l y  under the PTTI program. We are t r y i n g  t o  absorb more and 
more o f  the PTTI e f f o r t s  i n  the Navy and b r i n g  them under one s ing le  
program. But, again, t h i s  i s  no t  a GPS e f f o r t  r i g h t  now. Someone 
from the GPS program o f f i c e  would have t o  address those development 
e f f o r t s .  
MR. CLARK WARDRIP, NASA Goddard Space F l i g h t  Center: 
When do you see these GPS t im ing  receivers becoming avai lab le? 
MR. ALLEN: 
The f e a s i b i l i t y  model i s  supposed t o  be del ivered, 1 bel ieve, next 
June t o  the Naval Observatory. And I don ' t  see a u n i t  being 
ava i lab le  much before a year a f t e r  tha t .  
MR. WARDRIP: Can you g ive an estimate o f  the cost? 
MR. ALLEN: 
No. Estimates habe ranged anywhere from about $25,000 t o  $50,000, 
b u t  I t h i n k  u n t i l  we have the f e a s i b i l i t y  model and do scve tes t ing ,  
we r e a l l y  won't  be able t o  pu t  a p r i c e  on it. 
MR. DAVLD ALLAN, National Bureau o f  Standards: 
It i s  i n t e r e s t i n g  t h a t  a t  the one nanosecond leve l  on a glcba! basis 
the r e l a t i v i s t i c  e f f e c t s  become extremely important. And t o  date, 
i n te rna t i ona l  l y ,  a p a r t i c u l a r  coordinate system t h s t  would be useful  
f o r  t h i s  has not  been agreed upon. And so t h i s  i s  a separate issue 
outs ide o f  t h i s  audience t h a t  needs t o  be flagged and wat:hed. I am 
glad t o  see t h 3 t  you are very conscious o f  tha t  i n  your 
considerations. 
DR. CERNOT M. R. WINKLER, U. S. Naval Obser\latory: 
That i s  exac t ly  why you have seen i n  t h i s  program a combination o f  
r e l a t i v i t y  concerns. 
MR. ALLEN: Yes. 
